For many abdominal procedures and all intrathoracic operations (tracheo-casophageal fistula, &c.) general anesthesia is required. For those, awake intubation followed by cyclopropane by to-and-fro method has been satisfactory.
In exomphalos (omphalocele) a similar technique is used. Relaxants may be helpful, but due to the possibility of post-operative restriction of respiration in this condition it is preferable not to risk further depression from prolonged action of a relaxant. This danger is accentuated when infants become cold during anesthesia. It is always of critical importance to watch these patients with extreme care following operation.
During operations on neonates it is essential to keep the infant warm. The limbs are wrapped, and a rectal thermistor registers the temperature continuously. Blood pressure is measured with a narrow cuff designed for neonates, and read by the swing of the Tycos needle. Pressures of 75-90 systolic are reasonable if maintained. A precordial stethoscope is used on all patientsunless the entire chest is inaccessible. Then an cesophageal stethoscope is employed. This is easily constructed by cutting 3 extra holes in the terminal 2-3 cm of a 12 to 16 urethral catheter, then covering the holes by drawing a thin latex (Penrose) tube over the catheter end. The catheter is then substituted for the bowl of a standard binaural stethoscope and passed down the cesophagus until heart and breath sounds are audible.
In the child with respiratory obstruction the airway must first be re-established by endotracheal intubation or the passage of a bronchoscope. In the United States a tracheostomy stab with a trocar has been tried, but it is dangerous, because the trocar point may damage other tissues and fail to enter the trachea. Several deaths have been reported as a result of its use. Tracheostomy should not be attempted until after the patency of the airway has been ensured. In the Pierre-Robin syndrome (macroglossia, micrognathia, cleft palate), sudden respiratory obstruction may occur. The important features in treatment are intubation followed by tracheostomy, and then careful nursing, often in the prone position, and sometimes for some months.
It is essential not to approach these problems with any fixed ideas, but to keep an open mind, treating each case on its own merits. DISCUSSION Professor T C Gray (Liverpool) asked Dr Smith whether he thought that in view of the disproportionate amount of work that respiration entails in tiny infants it was not better for them, when submitted to the strain of operation, if the anesthetist took over this burden and controlled respiration. Dr Smith said that these infants apparently had no discomfort; if they were restless or appeared to be in pain a general anesthetic was desirable, but he felt that spontaneous respiration was better than controlled; there was less interference with the circulation, and he preferred to preserve intact as many faculties as possible. Dr Robert Cope (London) agreed with Dr Smith, but wondered whether closure of the abdomen without muscular relaxation was really safer than controlled respiration in these cases. Dr Smith replied that he considered that it was a matter of degree: if there was a struggle, then relaxation was desirable, but ifa tumour was removed, it was not usually necessary. He emphasized that some of the surgery might last several hours. It was necessary to consider the conditions obtaining at the time.
Meeting December 2 1960
President's Address Information Please by Professor R F Woolmer VRD FFA RCS (London) When the University of Bristol, to which I was until recently attached, was a University College aspiring towards a Royal Charter, discussion arose as to a suitable motto. The most popular proposal was a Latin tag meaning 'Knowledge is Power'. The Bursar, harassed by the difficulty of making both ends meet, wryly suggested that a slight twist in the wording would make it more appropriate, and that it should be rendered 'College is poor'. The more orthodox version was, however, adopted; and I suggest that it is a good motto, not only for a University, but also for a practising anesthetist.
The word 'knowledge' can have various shades of meaning. It can be equivalent to 'learning' and this is attested by its substitution for that word when Pope's line, 'A little learning is a dangerous thing' is misquoted, as it usually is. Or it can mean a collection of information. The desirability of anwsthetists being learned, in the academic sense, needs no arguing. What I want to discuss here is the desirability (which should be rated no lower) of their being knowledgeable in the sense of being well informedwell informed about the steps of the operation in progress, well informed about all the drugs that are being used, and above all well informed about the state of the patient. I do not believe that anybody, however experienced, can be fully informed about the state of the patient merely by looking at him. Close observation is vitally important, but our unaided senses cannot provide us with as much information as we ought to have. The thorough examination of the patient before operation, and the collation of the appropriate biochemical and physiological examinations, is the only firm basis on which measurements made during surgery can rest; and we must do our best to get our conditions of work adjusted so that this examination does not have to be skimped; but I am more concerned at the moment with the means available for keeping ourselves accurately informed of the state of the patient during anesthesia. What do we need to know? The amount of information needed, and its character, will obviously vary according to circumstances. We require less information to take adequate care of a healthy patient undergoing herniorrhaphy than we do of a blue baby having a Blalock's operation.
Nevertheless, even in the simplest case, a mass of information is being conveyed to the antsthetist through his unaided senses. The general appearance of the patient, the colour of his skin, the nature of his breathing, the character of his pulse and the tone of his muscles-information on all these flows in a constant stream through the sensory channels of the observant anesthetist, and goes some of the way to giving him command of the situation. It is perhaps a characteristic of artists that they observe things, and a characteristic of scientists that they measure things. The handling, by a trained mind, of the qualitative information I have mentioned constitutes the art of anesthesia, the firm base on which any scientific edifice must be built. All this information, and a great deal more, can in addition be presented in quantitative form by the appropriate aids to observation; and it is the collection of information in this form, its handling, and the response to it which make up the science of anesthesia, a science as yet in its infancy.
The simplest piece of information which we are accustomed to handle numerically is the frequency of the pulse. To quantitate this, our senses have to be aided by a device for measuring time a clock or a watchwhich mechanically is quite a complex instrument, though familiarity makes us look on it as simple. The question of what is simple and what is complicated is often clouded by confused thinking, as Professor W W Mushin pointed out some years ago. Medical men are often unwilling to use electrical or mechanical equipment for clinical application on the grounds that it is complicated. Yet a doctor who refused, for the same reason, to use a motor car or a watch would be regarded as a little weak in the head. When faced by this argument people often take refuge in the idea that the more apparatus there is in use the more there is to go wrong. This of course is perfectly true; but to deny oneself the advantages of a piece of equipment because it may not function perfectly all the time is logical only when its failure would endanger life. This is a consideration often met with in industrial control systems and in the aviation industry; and it has led to the principle of 'failure to safety'. According to this principle, apparatus is so designed, by the incorporation of interlocking devices, by the duplication of components, or by the provision of warning systems, that failure of a part will not result in disaster. An example familiar to anesthetists is the operating room light with its auxiliary lamps, fed from an independent source, which comes on automatically and immediately on the failure of the main lamp or its power supply. The principle is also incorporated in the better examples of mechanical respirators. Increasing reliability of components and the elaboration of the 'failure to safety' principle, which are the fruits of development in control systems for aircraft and for guided weapons, can now confer on most of the instruments that we are likely to use a reliability comparable to that of the motor car and the watch. The possibility of their failure, while it should never be neglected, is no longer a valid reason for denying ourselves the use of instruments that will increase our ability to make scientific observations. A properly designed instrument should present the appropriate information to the operator in a form in which it can be used immediately and without further computation, and here the anesthetist's watchsimple to use and reliable though it isfalls short of the ideal. Taking the pulse rate demands the undivided attention of the anesthetist for not less than 15 seconds; and it is remarkable how often that particular 15 seconds will be chosen by the surgeon to request that his brow be mopped or the light be adjusted.
It is the very versatility of the human sensorium the vast range of information to which it will respondthat makes it susceptible to interference of this sort. This can be eliminated, or at any rate reduced, by mental concentrationby rendering the sensorium insensitive to all signals but those in a particular channel; but such sharp focusing of the attention, which is analogous to sharp tuning in a radio receiver, is difficult for the human mind and may well be dangerous.
The logical solution, according to information theory, is to set up an independent channel for information about the pulse rate, with a specific sensing device at one end and a read-out device at the other end, by which the information in its proper form may be stored and displayed. The attention of the anesthetist can then be given to the display when convenient. Such an arrangement, uncommon in operating rooms, is called a cardiotachometer. The sensing element here may be a carbon microphone which responds to the pressure of the pulse wave as do the sensory nerve endings in the palpating finger, or it may be a device responsive to a sharp swing of electrical potential detected by the electrocardiogram, or it may respond through a photocell to the rhythmic changes in translucency of the tissues which accompany each heart beat. However the pulse is detected, its rate is quantitated in most cases by measuring the pulse interval. In place of the balance wheel of the anesthetist's watch, the standard with which this interval is compared is the time required for an electric charge to leak away from a capacitor through a resistance. If comparison with this fixed duration shows the pulse interval to be half a second, the pulse-rate will clearly be 120: if the pulse interval is j second the rate will be 80, and so on. The comparison is made electrically for successive pulse intervals, the average of several is determined by an integrating circuit, and the result displayed, in terms of beats per minute, on a dial for the anesthetist to read when convenient.
All this sounds a little complicated, but is in fact a simple example of electronic instrumentation. If the natural process of the anesthetist's fingers feeling the pulse, his eyes looking at his watch, signals passing by separate sensory channels to a control centre in the brain, and integration taking place thereif this process were described in detail in terms of information theory it would appear much more complicated.
It is clear from this example that if the anesthetist's sensorium is to retain its full range of versatility, so that he can survey the patient as a whole, a number of separate channels for numerical information will have to be set up, each with its appropriate form of display. The forms in which such information can be displayed to the human operator by measuring devices are capable of wide variation: their output may be arranged to stimulate any one of the five senses. The senses of sight and hearing are the ones normally chosen by instrument designers because they are dominant in Homo sapiens. A pointer moving over a dial, a flashing light or a warning hoot are readily appreciated. If dogs took measurements, they would doubtless arrange for the output of their measuring devices to take the form of an olfactory stimulus, which would pose some pretty problems for the designer.
The output of a pulse detector may be arranged to give an auditory signal or a visual signal or both. Each pulse beat can be caused to flash a light and emit a bleep on a loudspeaker. In this way an alternative input channel to the anmsthetist's brain is made available and can be used when the visual channel is already occupied by such activities as brow-mopping, light-adjusting or record-keeping. This type of display of the pulse detector's output differs from the visual display in an important respect. It is omnidirectional, so that it reaches the surgeon and everyone else in the operating room who happens to have ears.
It is part of information practice to decide whether a display should be unidirectional or multidirectional; and there are several things which influence our decision in this; It is the business of the anesthetist to protect the surgeon from worry and distraction. An auditory output from a pulse detector when the heart is faltering or when the instrument is behaving erratically (which is not unknown) may be very disturbing. However, it needs but little ingenuity to separate the auditory output from the visual one, and to cause the auditory output to bleep, with impeccable regularity, at whatever rate will maintain peace of mind of the surgeon and the operating teamthough it may be embarrassing to the anaesthetist if he has to pronounce the patient dead when strong regular bleeps are still being broadcast through the operating room.
The most useful single item of quantitative information which is available to every anmsthetist is the blood pressure; and it is a matter for reproach that so often, in Britain, anmsthetists fail to take advantage of it. The excuse often given is that sphygmomanometry distracts the anmsthetist from proper attention to the patient as a whole. The stethoscope diaphragm may become displaced. The surgeon or the assistant may lean against the cuff. The length of the stethoscope tubing may not permit free movement of the head. The mercury column or anaeroid dial may be in an awkward position. The squeezing of the bulb is a nuisance. All these inconveniences can be avoided with a little ingenuity. The stethoscope can be replaced by a peripheral pulse detector, the cuff can be inflated at a touch with cylinder gas, and the meter can be properly sited. With these simple modifications sphygmomanometry need be neither inconvenient nor distracting. For those who require, and can afford, something more sophisticated an automatic blood pressure follower is available and this has the additional advantage that it can present the information graphically.
This leads us to consider whether the items of information about a patient which come in during the course of an anmesthetic should be indicated in an evanescent form and then discarded, or whether they should be recorded, either automatically by an instrument or manually by the anmsthetist. The keeping of records during anmsthesia is a neglected art in this country. Various excuses are made for this. It is said that the keeping of records distracts the anmsthetist from proper attention to the patient. It is said that records are not likely to be kept accurately, particularly when things are going wrong which is when they are most needed. It is said that the busy anesthetist does not have time, between cases, to complete his record cards.
None of these excuses is really valid. It is only by keeping a record in graphic form that various events, such as changes in blood pressure or pulse rate, can be related to their causes. This is true not only for changes in the cardiovascular system, but the respiration also. The anesthetist ought to have quantitative information about this and he needs it whether the respiration is spontaneous or controlled.
An increasing realization of this had led to a widespread demand for some means of measuring ventilation during anesthesia. This demand is being met, in part, by instruments such as the Wright respirometer, the Drager and Monaghan volume-meters, the Elam ventilometer and the dry gas meter. None of these meters, however, provides the anesthetist with information in a really useful form. They merely measure the volume of gas passed through them, whereas what the anmsthetist is interested in is the volume passed per unit time, or the minute volume. This, in the language of information theory, is the first time derivative of the volume. It can, of course, be obtained in a rough and ready manner if the anesthetist possesses a watch and the ability to divide the volume passed by the elapsed time. But this will merely give the mean volume during the period of measurement. It will not reveal fluctuations during that period; and the process of measuring two quantities, volume and time, and dividing one by the other has to be carried on continuously if changes in ventilation are to be appreciated. That, of course, is impossibly tedious and distracting; and this accounts for the poverty of the information which the anesthetist actually derives from a volume-meter.
What is needed is a differentiating ventilometer which will automatically measure the two quantitiestime and volumeand do the sum, and go on doing this continuously, so that it can present its information in the form of a continuous record of the instantaneous minute volume. Two machines for doing this have been devised. One, which indicates only, is already available. The other, which records, will be available soon.
The anesthetist who is in possession, throughout an operation, of a graphic record showing changes in blood pressure, pulse rate and ventilation is on the way to meriting the description of a well-informed observer. During inhalation anmsthesia, however, it is also desirable to know the composition of the respired gas mixture. Though we have a good knowledge of the nature of its components, we are in most cases very ignorant of their concentration. Considering the potency of some of these components, this is rather shameful.
The quantitative analysis of a complex gas mixture has in the past been difficult and slow. By established chemical methods it would be possible to determine that the patient had been given an overdose of a volatile anmsthetic in time to announce it at the Coroner's court, but not in time to prevent the catastrophe.
Ideally the anesthetist should be continuously supplied with information about the concentration of every component in the respired gas mixture. Until recently, this ideal seemed quite unattainable; but advances in physical methods of gas analysis, and particularly in gas chromatography, are bringing it within reach. It is perhaps not too much to hope that in a few years' time the means for continuous analysis of the respired gas mixture and for the rapid determination of the concentration of volatile anesthetics in blood and body tissues will be widely available.
Since the anmsthetist is usually responsible for maintaining the patient's circulating blood volume, it is important that he should have information about blood loss. Precise knowledge of this is practically never available. The rough estimates made from looking at the swabs and the sucker bottle are notoriously inaccurate. Careful swabweighing gives much more reliable information, but it is tedious and has errors of its own, and the result of the measurement requires conversion from weight to volume. The form in which the anmsthetist wants the information is: 'Up to this minute the patient has lost so much blood. So much has been replaced, giving a positive or negative balance of so much.' Up-to-the-minute information, in terms of the amount of blood lost, can be furnished by the hemoporrhometer. This consists of a tank of water, suitably agitated, into which swabs and sucker output are received. The electrical conductivity of the water is dependent on its electrolyte content, and thus varies with the amount of blood added to it. Conductivity is continuously measured by a simple bridge circuit and the result is expressed on a dial directly in terms of blood loss. Saline-soaked swabs must not be used, as the machine cannot distinguish saline from blood; and, of course, the machine can measure only what is put into it. The h2moporrhometer is undoubtedly an advance but unfortunately costs several hundred pounds. For those who like to think in terms of automation, it would not be difficult to connect the output ofthe hamoporrhometer to a servo-operated pump and control valve, so that blood replacement would be automatically equated to blood loss. The electrocardiograph provides information which is valuable in a rather limited field; and its value increases in proportion to the education of the anesthetist. In contrast to what I have said about certain other types of information, an indicating instrumentan oscilloscope with a long persistance phosphoris usually more appropriate than a recording instrument. The oscilloscope trace is easier to see, and the recording instrument has the disadvanfage that the volume of redundant information it puts out may be overwhelming.
If we can afford to have the best of both worlds we will use an oscilloscope to display the unimportant information and a recording instrument to preserve the small proportion which is worth keeping.
Considering the importance to anisthetists of the central nervous system, it is remarkable that quantitative information concerning its activity is so little used. The main reason for this is that for most anaesthetists the value of such information as can be obtained is incommensurate with its cost. Electroencephalography is not a very good means of providing the sort of quantitative information which the aneesthetist needs. Automatic frequency analysis of the output makes the information more useful, but at much greater cost. Even without frequency analysis, the changing pattern with increasing depth of aniesthesia is fairly obvious in favourable circumstances. With ether, the correlation between the EEG level and the concentration of anesthesia in the blood is good in humans; but with nitrous oxide, the only agent for which a good correlation would be really useful, it is rather poor, and hopes that the EEG might provide us with the information which would enable us to keep the patient just below the level of consciousness with certainty have been disappointed.
Hypoxia, hypercarbia, and other biochemical changes may also confuse the picture; though if other factors are held constant the change in pattern induced by hypoxia may be used as a warning of threatened brain damage during cranial surgery and extracorporeal circulation. Accurate information about the patient's temperature is vital to the practice of induced hypothermia. This information can readily be furnished by electrical instruments, such as thermistors, thermocouples or resistance thermometers. But the anesthetist also needs to know the rate of change of temperatureits first time derivative. This can, of course, be obtained by plotting the temperature against time on linear co-ordinates and noting the slope of the graph (Fig 1) . If the rate ofchange is constant, the curve COOLING CURVES MINUTES Fig 1 will be a straight line. Such a curve is shown in the upper part of the figure and can be expressed by a simple linear equation of the form y=a-bx. No one would be happy, at the forty-fifth minute, with the state of affairs represented by this curve, even though the temperature is still 1.4 above the desired level. What is needed, clearly, is a much more gradual approach to the final temperature, in order to avoid overshoot, and a rapid initial fall to minimize delay. Such a course is shown in the lower curve; and obviously the anesthetist who is aiming at a final temperature of 300 C would be very satisfied with the situation at the forty-fifth minute. In this curve the slope, or the rate of cooling, at any instant is less than it was during the preceding instant. The equation of this curve is an exponential one of the form y=a.rcx+b. The two variables, x and y, are time and temperature respectively, as in the first equation. Of the four constants, b is the temperature aimed at, and a is the number of degrees through which it must fall. I have put these values at 300 C and 80 C respectively. c is a constant which controls the time scale. Here I have given it the value of 0 1, so that the process takes about an hour. The effect of increasing it would be to compress the time axis, and make the cooling quicker. r is a fraction governing the rate at which the rate of cooling diminishes with time (the second time derivative). Here I have made r equal to i, so that the rate of cooling, after 10 minutes, is half what it was at the start. By the 20th minute, it is halved again, and so on. Other values for r, giving different rates of decrease of rate of cooling, are of course possible. This is the type of equation which would be applied to the control of industrial processes, and its application to the control of hypothermia is obvious. What the informed aniesthetist should do is to decide on the curve he wantsand he will Section ofAnosthetics presumably choose one similar to thisand then make arrangements to follow it. Given a cooling unit of sufficient power (and modern refrigerating techniques can easily provide it) this is theoretically quite easy. The temperature and its first time derivative (its rate of change) at any moment is compared with those required by the curve, and the rate of cooling is increased or decreased to counteract any deviation. This is the sort of thing which is done much better by servo control techniques than by human agency; and it is not difficult to set up an automatic cooling unit which will perform this function. The curve represented by the selected equation will then be followed, and the desired temperature will be attained at the predicted time without danger of overshoot. This is merely an example to show how a simple application of information theory may be useful in anesthetic practice.
All those who are engaged in the practical teaching of anesthesia are aware that during most of the time they spend in the operating room with a pupil the rate of transfer of information from teacher to taughtthe rate of learningis lamentably slow. During the hour or so that is occupied by an uneventful colporrhaphy, teacher and student sit side by side. The more energetic teacher may let fall a few pearls of wisdom: the livelier student may ask a few questions; but after a while the tedium of the affair exhausts their powers of communication, and they fall silent, each wrapped in his own thoughts. It is only when the oxygen runs out, or the bobbin of the cyclopropane rotameter is found to be at the top of the tube, or the entire apparatus disintegrates in an explosion, that information is injected into the student quickly. If something of this sort happened during every anesthetic, the student (if he survived) would mature very quickly, and the time and cost of training him could be materially diminished. Though some teachers do indulge in such tricks as surreptitiously closing a cylinder valve, it is difficult to produce emergencies to order in real life. But if a suitable technique were elaborated they could be quite convincingly simulated. A parallel problem exists in the aircraft industry, and is solved by the use of aircraft simulators. Such a simulator is a facsimile of the control cabin of an aircraft. Though it never leaves the ground, it can be made to roll, to pitch, and to yaw, and its instruments can put out information corresponding to a blind landing in fog, or to an engine failure in mid Atlantic. In this way a pilot can be given, in a few hours, and at little cost, experiences which he might not otherwise acquire in a lifetime. It should not be beyond the bounds of human ingenuity to design a patient simulator for the training of anwsthetists. It would be made to look as lifelike as possible.
The tissues would be subtly translucent; and an inner light of adjustable colour would produce cyanosis, pallor or plethora at will. A rubber tube within the soft tissues of the arm would represent the brachial artery, through which fluid could be pumped at a pressure and rate which could be varied by the instructor. A pump connected to the chest would simulate whatever form of respiration was required. Alarming electrocardiographic patterns could be stored on magnetic tape and fed to an oscilloscope, and the blood loss recorder could be made to indicate a disastrous situation, which, however, could be retrieved by the trainee if he did all the right things.
Such a piece of equipment would be elaborate and expensive, but it would provide a means of conditioning a student to react to an emergency without putting human lives in jeopardy. I am not suggesting, of course, that such a patient simulator should be a substitute for conventional methods of teaching; but it might be a useful supplement to them.
It is sometimes said that it is a bad thing to rely on instruments, and that there is no substitute for the clinical judgment of the trained anaesthetist, guided by his accumulated experience and skill, his olympian calm unruffled by anything so mundane as taking measurements. The people who hold this view would not trust themselves to an airline pilot who scorned the use of navigational aids. When they themselves are the pilots, conducting their passengers on the journey towards the frontiers of death which is anesthesia, they too should make use of all the navigational aids that can be provided. The policy of 'reliance on unaided observation backed by experience' is often a cloak for laziness. Clinical judgnent and experience are indispensable, but by themselves are not enough. I defy any anasthetist, however experienced, to tell consistently, by his unaided senses, within a 25 % margin of error, the systolic blood pressure or the pulse pressure, the minute volume of ventilation, the inspired concentration of volatile anasthetics, the excess or deficiency of the circulating blood volume, or the deviation from normal of the body temperature.
Yet we owe it to our patients to be precisely informed on these points; and we should regard such instrumental aids as we can obtain, not as substitutes for observation and clinical judgment, but as a means of extending and augmenting the sensory input on which clinical judgment must depend. Information and control must go together, and we cannot fully exercise the control required for mastery of the situation unless we are supplied with the information which is a prerequisite for it.
